Background: Combined small cell lung cancer (C-SCLC) is rare and its clinical features, appropriate treatment, and prognosis are poorly understood. Reports conflict over the prognosis of C-SCLCs compared to pure small cell lung cancer. Methods: The records of patients diagnosed with primary SCLC from 1988 to 2014 were extracted from the Surveillance, Epidemiology, and End Results database. The general features of C-SCLCs were compared to those of SCLCs. T1-2 N0-1 data was extracted and the effects of the histological subtype, treatment modality, and other prognostic factors on lung cancer-specific survival (CSS) was analyzed in a 3:1 matched dataset. Analysis was performed using the 8th edition tumor node metastasis staging system and previous staging systems adjunctively. Results: C-SCLCs comprised 1.5% of all SCLCs (1486/98 667); 184 cases of CSCLCs and 2681 cases of non-combined SCLCs (NC-SCLCs) were included in this study. C-SCLCs were more likely to be of a higher grade and to occur in the upper lobe than NC-SCLCs. Before matching, C-SCLCs showed better CSS (hazard ratio 0.69; P < 0.001). However, stratified Cox proportional hazards analysis in the matched dataset revealed that only treatment modality and age at diagnosis were associated with CSS; the histological subtype had no effect on survival. Of all treatment modalities, surgery with chemoradiation showed the best CSS in T1-2 N0-1 SCLC. Conclusion: In early SCLC, surgery with chemoradiation shows the best CSS. C-SCLC patients might benefit more from multimodal treatments, including surgery, than SCLC patients.
Introduction
Small cell lung cancer (SCLC), a highly aggressive malignancy originating from neuroendocrine cell precursors, has a poor prognosis. In recent decades, improvements in survival have been attributed to concurrent chemoradiation and prophylactic cerebral irradiation. 1 Since 1981, World Health Organization (WHO) classifications have regarded combined SCLC (C-SCLC) as a variant of SCLC. While there have been changes in the classification of lung cancer, C-SCLC remained a subcategory of SCLC. In the 1981 revision, SCLC was divided into three subtypes: oat cell, intermediate cell, and combined cell. 2 In the most recent revision in 2015, WHO classified SCLC as C-SCLC, a subcategory of SCLC, with both belonging to the neuroendocrine tumor type. 3 C-SCLC is defined by WHO as small cell carcinoma combined with any other non-SCLC (NSCLC) component, including adenocarcinoma, squamous cell carcinoma, large cell carcinoma, large cell neuroendocrine carcinoma, or another rarer component, such as giant cell carcinoma or a sarcomatoid constituent. 3, 4 In the case of a large cell carcinoma component, at least 10% of the large cell carcinoma or large cell neuroendocrine carcinoma component should be present for a diagnosis of C-SCLC. When another NSCLC histological subtype, such as adenocarcinoma, squamous cell carcinoma, or sarcomatoid carcinoma, coexists with SCLC, C-SCLC is diagnosed irrespective of cell amounts. 4 In addition, more than two components can coexist within C-SCLC.
SCLC comprises approximately 13% of all lung cancers. 6 The incidence of C-SCLC varies from 5% to 28% depending on the specimen used. 7, 8 Although recent advances in diagnostic techniques have resulted in a reported increase in the incidence of C-SCLC, the clinicopathologic features, appropriate treatment, and prognosis of C-SCLC remain poorly elucidated. Several retrospective studies have reported that C-SCLC has quite characteristic clinical features, including male predominance, peripheral location in half of C-SCLCs, more limited stages in 70%, and stage I or II in only 3%. 8 These characteristics explain the possible benefit of multimodality therapies, including surgery, in patients with C-SCLC. Treatment for C-SCLC currently follows SCLC guidelines, but the optimal treatment remains unclear.
Definitive concurrent chemoradiotherapy remains the standard treatment for patients with limited disease. In the 1970s, two significant reports demonstrating poor survival in patients with SCLC after surgery compared to nonsurgical treatment made SCLC the exception for surgery. 9, 10 After some decades, several authors began to report the role of surgery as primary treatment in a small number of SCLC patients. [11] [12] [13] In 2005, the Japan Clinical Oncology Lung Cancer Study Group reported three-year survival of 68% for stage I disease after surgery and adjuvant chemotherapy. 14 The recently updated National Comprehensive Cancer Network (NCCN) guidelines recommend lobectomy and mediastinal lymph node sampling or dissection and adjuvant therapy according to pathologic N status. 15 However, there is limited evidence of the optimal indications for surgical resection and the efficacy of adjuvant chemotherapy. For example, a large series of early-stage SCLC patients eligible for surgical resection only accounted for 2.4% to 3.4% of resected lung cancer cases. 16 With lung cancer screening with low-dose CT becoming more widespread, the incidence of early-stage lung cancer, both NSCLC and SCLC, is expected to increase. Therefore, an evidence-based treatment strategy is necessary.
The objective of our study was to assess the clinical characteristics of C-SCLC using one of the world's largest databases, the Surveillance, Epidemiology, and End Results (SEER) program. In addition, we compared the effect of the histological subtype on treatment outcomes and prognostic factors of C-SCLC in a matched cohort of combined versus non-combined SCLC (NC-SCLC).
Methods

Patient selection
Data were extracted from the United States (US) National Cancer Institute SEER-18 database, which consists of patients diagnosed from 1973 to 2014 (submitted in November 2016, http://seer.cancer.gov). SEER is a wellknown database that contains the epidemiological, pathological, and survival data of all cancer cases in 18 areas of the US. Because we used public data that did not identify individual patients, informed consent from the study participants was not required. SEER*Stat 8.3.4 (http:/www.seer.cancer.gov) was used to extract data via the variable "SEER site recode" with the phrase "lung and bronchus" and the variable "site and morphology behavior recode for analysis" with the term "malignant." Patients diagnosed before 1988 with incomplete staging data were excluded. The International Classification of Diseases for Oncology-3 was used to limit the pathology types to "small cell carcinoma, NOS (8041/3)," "oat cell carcinoma (8042/3)," "small cell carcinoma, fusiform cell (8043/3)," "small cell carcinoma, intermediate cell (8044/3)," and "combined small cell carcinoma (8045/3)". We divided the SCLC cases into two groups: C-SCLC and NC-SCLC.
The dataset was then restricted to the first and only primary malignancy in each patient's life. The type of reporting source was restricted to exclude cases with an autopsy report or death certificate alone. The process used for data cleansing is summarized in Figure 1 . Three variables regarding surgery "lung surgery to primary site," "type of cancer-directed surgery," and "site specific surgery" were used to exclude unclear cases or patients treated with non-standard surgery. Following the coding rule of "lung surgery to primary site," segmentectomy and wedge resection was regarded as "sublobar resection;" bilobectomy or lobectomy was grouped as "lobectomy;" and radical, complete, total, or standard pneumonectomy as "pneumonectomy." We also excluded unstaged patients or those with unknown stages (n = 46 879), resulting in 51 788 patients with primary SCLC.
The basic demographics and stage distributions of these 51 788 patients were summarized. We then narrowed the dataset to early T1-2 N0-1 SCLCs to assess the effect of histological subtype and treatment modality on lung cancer-specific survival (CSS). The dataset included important demographic variables, follow-up data, survival status, cause of death, and the first course of the treatment (radiation, chemotherapy, or surgery).
Statistical analysis
The primary endpoint of this study was lung CSS. Patients who were alive at the last follow-up date in the SEER database were right censored.
The basic characteristics were summarized using standard statistical methods, including mean AE standard deviation for continuous variables and frequencies with percentages for categorical variables. Distributions of continuous variables were compared using Student's t or Mann-Whitney U tests depending on the results of the Shapiro-Wilk test of normality. Categorical variables were compared using chi-square or Fisher's exact tests.
During the period of study, three versions of the American Joint Committee on Cancer (AJCC) staging systems had been used. To respect the original staging system and to reflect the latest 8th edition tumor node metastasis (TNM) staging system, we analyzed the data in two ways. First, we applied the 8th edition TNM system to the data. Although the definition of N0 and N1 has remained the same, a size criterion was introduced in the 7th and 8th editions. [17] [18] [19] [20] Using the tumor size variable, we were able to apply the latest T stage to the data. Second, as an adjunctive method, we performed the same matching and analysis based on previous staging systems by considering the editions of stages via matching and stratification.
Given the observational nature of the SEER database and to minimize the effect of stage, we used 8th edition TNM stages and the periods as matching variables. As an adjunctive analysis, we used T, N, and edition of AJCC systems (3rd, 6th, 7th). We used the 3:1 nearest matching method with a caliper of 0.10 using the R package MatchIt. After matching, the balance between the groups was checked via the standardized mean differences, and the values for all variables were < 0.10. The Kaplan-Meier method was used to calculate CSS and the log-rank test was applied to compare the survival curves for C-SCLCs and NC-SCLCs. After matching, we used univariate and multivariate Cox proportional hazards models to estimate the predictors for CSS. Cox regression analyses were used to examine possible confounding and prognostic factors with the following variables: demographic factors (including age, gender, race, insurance status, and marital status); tumor characteristics (including tumor location, histologic subtype, and lesion sidedness); and treatment variables (including type of surgery and combinations of treatment). The proportional hazards assumption was checked using statistical tests and graphical diagnostics based on the scaled Schoenfeld residuals. Because the dataset was matched, we used a Cox proportional hazards model by stratifying it with the matched variables. Statistical analyses were performed using R version 3.4.1 (http://www.R-project. org/). Statistical significance was defined as two-sided P value of < 0.05, and variables with statistical significance in univariate analysis were incorporated into a multivariate model. 
Results
General features of combined small cell lung cancer (C-SCLC)
In total, 98 667 patients with SCLC were identified from the database; 1486 (1.5%) had C-SCLCs. After the exclusion of 46 879 patients with unclear TNM stages, 973 cases of C-SCLCs and 50 815 cases of NC-SCLCs were included. C-SCLCs showed male (57.0% vs. 50.2%; P < 0.001) and upper lobe (56.0% vs. 48.0%; P < 0.001) predominance and were less likely to be located near the main bronchus (7.2% vs. 12.3%; P < 0.001) (Table S1 ).
For analytical convenience and in consideration of the changes in definitions, we divided the entire study period into three categories according to the corresponding edition of the AJCC staging system used: first (Fig S1) . For C-SCLC, 45.4%, 53.3%, and 50.0% of patients were T1 or T2 in the first, second, and third periods, whereas the percentages for SCLCs were 34.6%, 35.2%, and 38.4%, respectively. Throughout the period, C-SCLCs showed more N1 or N0 compared to NC-SCLCs (36.7%-41.5% vs. 21.7%-25.5%). Approximately half of the patients with C-SCLC were M0 at the time of diagnosis, whereas approximately twothirds of the patients with NC-SCLC were M1. Overall, 25% of C-SCLCs and only 10% of NC-SCLCs were stage I or II.
All patients in the dataset were actively followed up according to the variable "type of follow-up expected," and complete dates of follow-up were available in 92.5% of cases. Follow-up was calculated from the date of initial diagnosis and was available through November 2016 at the time of our analysis. The mean follow-up was 34.31 months for the entire cohort.
Clinical features of early (T1,2/N1) C-SCLC
In total, 47 501 patients with advanced stages, 623 patients without definite treatment data, and 799 patients with unknown or > 50 mm tumor size were excluded. Thus, the remaining 184 cases of C-SCLCs and 2681 cases of NCSCLCs were included in the analysis. All cases were confirmed microscopically.
The distinctive characteristics of C-SCLCs were upper lobe predominance, higher grade (grade III or IV), and larger number of lymph nodes pathologically examined (6.5 AE 7.3 vs. 1.9 AE 4.8; P < 0.0001) compared to NCSCLCs (Table 1) . The difference in the number of lymph nodes examined is attributed to a discrepancy in the proportion of surgery: surgery was performed in 81.5% of C-SCLCs but in only 31.0% of NC-SCLCs. Both chemotherapy (55.4% vs. 83.0%; P < 0.001) and radiation (30.4% vs. 60.5%; P < 0.001) were more commonly administered to NC-SCLC patients, and the most common treatment modality in the NC-SCLC group was chemoradiation (47.1%). For patients with C-SCLC, the most common first course of treatment was surgery (37.5%), followed by surgery with chemotherapy (26.6%), and surgery with chemoradiation (15.8%). The mean numbers of positive lymph nodes were similar in the two groups (C-SCLC 0.4 AE 1.1 vs. SCLC 0.6 AE 1.4; P = 0.169).
Under the 8th edition TNM staging, there was no difference in the distribution of T, N, or stages between the groups. The same findings were demonstrated in each period under the corresponding staging system. More than 70% of the patients in the study cohort were N0. The mean survival durations were 39.4 AE 42.3 months for C-SCLCs and 34.0 AE 41.5 months for NC-SCLCs.
We matched the study cohort to balance the stage and period. The absolute and standardized mean differences were < 0.10 in all matched variables (Table S2, Fig S2) , which is indicative of well-balanced matching. The basic demographic features and tumor characteristics remained the same after matching (Table 1) . Effect of histological subtype and predictors of lung cancer-specific survival Lung CSS decreased as the stage progressed in the entire pre-matched dataset (Fig 2a) . The three-year CSS rates were 52.7%, 49.7%, 43.4%, 39.4%, 35.2%, and 35.2% for stage I1A, IA2, IA3, IB, IIA, and IIB, respectively. C-SCLCs showed better CSS than NC-SCLCs before matching (Fig 2b) , but this difference was only evident in the N0 subset, not in the N1 subset (Fig 3) . The effect of the treatment modality on the different histological subtypes was analyzed using the Kaplan-Meier method. In the entire N0 SCLC cohort, treatments including surgery showed better survival and surgery with chemoradiation showed the best CSS (Fig 4a) . When the stage increased to N1, the survival benefits of the different treatment strategies were similar (Fig 4b) , although therapeutic strategies involving surgery showed better CSS than nonsurgical therapies in N1 SCLC (P = 0.002) (Fig S3a) .
In T1-2 N0-1 C-SCLCs, surgical therapy was superior to chemotherapy or radiation (Fig 4c) . For the C-SCLC N0 group, chemotherapy did not directly affect CSS (P = 0.26) (Fig S3b) . In addition, either lobectomy or sublobar resection showed better CSS than nonsurgical treatment (P = 0.01) (Fig S3c) , although the number of sublobar resections was low.
To assess the prognostic factors, univariate Cox proportional hazards analysis was performed. After matching, C-SCLC histology; age at diagnosis; lobectomy or sublobar resection rather than no surgery; two or more combined modalities rather than chemotherapy alone, especially treatment involving surgery; and earlier stages were associated with significantly better CSS ( Table 2) .
We performed two types of multivariate Cox proportional hazards analysis: a multivariate model stratified by matching variables, and a multivariate model adjusted with matching variables. After model fitting, the final result indicated that the histological subtype was not associated with CSS (Table 3) significantly reduced the risk of CSS. In addition, when the model was fitted with the individual treatment options, lobectomy (HR 0.40, 95% CI 0.29-0.56; P < 0.001) showed better CSS than pneumonectomy or sublobar resection. The adjusted model also revealed that histological subtype was not related to CSS but a younger age and lobectomy was associated with better CSS.
To test the robustness of the results, we fitted a multivariate Cox proportional hazards model based on the previous staging systems, and the results were the same. The results are presented in the supplementary data (Table S3, S4 ).
Discussion
C-SCLCs are an uncommon type of SCLC, with a reported incidence of 1-3%. The true frequency might actually be higher because small or crushed samples hinder the diagnosis of C-SCLC. The present study included patients with microscopically confirmed diagnosis, and the incidence was 6.4% of T1-2 N0-1 stages (184/2681) under the 8th edition TNM staging system. This incidence coincides with findings by Babakoohi et al. of 5.1% (22 C-SCLCs and 428 SCLCs). 7 However, accurate preoperative diagnosis of C-SCLCs is difficult, with the sample type potentially affecting diagnosis. Previously, the frequency of C-SCLCs was higher in autopsy specimens (14.3%) than in biopsy or cytologic specimens (8.6%, P < 0.05). 22 With the development of diagnostic technologies and the subsequent increase in early diagnosis of lung cancer, the diagnosis of C-SCLC before treatment planning is expected to increase. As mentioned, the standard treatments for SCLC are chemotherapy and radiotherapy. Since the International Association for the Study of Lung Cancer staging project showed that TNM staging provides more accurate prognosis and treatment options, most recommended guidelines for SCLC now include TNM staging. 23 However, several prominent guidelines use combined approaches for staging and treatment. For example, staging and planning treatment requires the two-stage method of the Veterans Administration Lung Study Group (VALG), whereas the choice of surgery and specific treatment requires the TNM system. There are also discrepancies among guidelines in the terms of the two-stage system. The NCCN and Chinese Society of Clinical Oncology (CSCO) guidelines adopt the terms "limited" and "extensive" stage, whereas the ESMO uses "localized" and "metastatic" disease. 15, 24, 25 Most differences refer to the benefit and role of surgery in SCLC. The NCCN guidelines state that after staging work-up and confirmation of pathologically negative N2 nodes, the patients most likely to benefit from surgery have clinical stage I-IIA (T1-2 N0 M0) SCLC. This corresponds with the CSCO guidelines, while the ESMO guidelines broaden the indication of surgery to T1-2 N0-1 M0 SCLC and emphasize that surgery in this group can be justified after mediastinal lymph node involvement is ruled out via computed tomography, positron emission tomographycomputed tomography, endobronchial ultrasound, and/or mediastinoscopy. 26 As an alternative to surgery, the NCCN recommends stereotactic radioablation or concurrent chemoradiation, while the ESMO clearly states that concurrent chemoradiation is the standard of care.
There are two basic questions over C-SCLC: (i) Should C-SCLC be treated differently from SCLC? and (ii) What is the prognosis of C-SCLC? To address the first question, there are no specific recommendations, and C-SCLCs are currently treated based on SCLC guidelines. The benefit of surgery in early resectable SCLC has recently been demonstrated; however, the role of surgery or outcome in C-SCLC is inconclusive because of the lack of large studies. Our results show that the treatment strategy depends on the histological subtype. Surgery was performed 2.6 times more frequently in the C-SCLC group, and 37.5% of C-SCLCs were treated with surgery alone. Surgery with additional chemotherapy or radiation showed better CSS. Takei et al. reviewed the surgical results of 243 patients with SCLC from the Japanese Lung Cancer Registry. 27 The most common mode of surgery was lobectomy/bilobectomy (n = 174, 71.6%), and sublobar resection was performed in 21.0%, which was similar to our results. The five-year overall survival (OS) was 52.6%, and 68% of patients were stage I or II. Because of its rarity, there are few studies of C-SCLC.
Babakoohi et al. compared 22 cases of C-SCLC and 406 SCLC and reported that C-SCLC patients were more likely to undergo surgery than SCLC patients (45% vs. 3%; P < 0.001) and that all surgical patients received adjuvant chemotherapy while the nonsurgical group received standard SCLC treatment. 7 In the surgical subset, OS was 2.5 times worse in pure SCLC than C-SCLC, although the difference was statistically insignificant because of the sample size. Men et al. reported the treatment outcomes of 114 cases of C-SCLC in a single institution; 70.2% of patients received ≥ 2 treatment modalities, and the fiveyear OS was better in the surgical than in the nonsurgical group (48.9% vs. 36.6%). Although small in number, these Figure 4 Lung cancer-specific survival according to treatment (chemotherapy, radiation, and/or surgery) in (a) all T1-2 N0 small cell lung cancer (SCLC) patients before matching, (b) T1-2 N0 combined SCLC patients, and (c) all T1-2 N1 SCLC patients before matching. The P value was obtained with the log-rank test. C/RT, chemotherapy with or without radiation; S, surgery; S + CRT, surgery with chemoradiation; S and/or CRT, surgery with either chemotherapy or radiation. Treatment ( ) C/RT, ( ) S, ( ) S + CRT, ( ) S and/or C/RT reports suggest that the role of surgery is more important in patients with C-SCLC. 28 When surgery is considered, the current guidelines recommend standard lobectomy with mediastinal lymph node dissection. In this study, the main type of surgery was lobectomy (among surgical cases: C-SCLCs, 74.6%; SCLCs, 69.0%). Considering the aggressiveness of the SCLC category and the rarity of C-SCLC, the current evidence and our findings suggest that lobectomy should be performed as the surgery of choice. Surgery with or without chemotherapy or radiation is possibly the best choice for C-SCLC in T1-2 N0 stages, as well as in SCLC of the same stage. This study includes the largest number of early-stage C-SCLC patients investigated; however, the choice, timing, and sequence of chemotherapy with or without radiation urgently require further study. In the SEER dataset, no information on the sequence of chemotherapy or prophylactic cranial irradiation is available.
There are conflicting reports over the prognosis of C-SCLC. Zhao et al. reported poorer OS in C-SCLC patients and concluded that there were no significant differences in clinicopathologic features between pure SCLC and C-SCLC. 5 Others studies reported better OS in patients with C-SCLC. 7, 28 However, the multivariate stratified and adjunctively fitted adjusted models revealed no statistically significant survival benefit of C-SCLC over SCLC. Age at diagnosis and treatment strategies were more important. C-SCLC patients may have shown better CSS for this variable before matching as such patients might benefit more from surgery than SCLC patients (81.5% of the C-SCLC study cohort underwent surgery).
This study has several limitations. First, this is a retrospective study and there might be several confounding variables that could not be included in the analysis. The SEER database does not contain major comorbidity profiles, which could affect the choice of treatment. Second, no detailed data on chemotherapy was available, which is of paramount importance in SCLC treatment. The main regimens have changed over time, and the sequence of chemotherapy and radiation is unknown. Thus, to maximally decrease the bias, we matched the TN stage and the AJCC system edition used, and applied the 8th edition TNM system. The AJCC system used reflects the year of diagnosis, which is important because most chemotherapy regimens administered would thus be similar. Notwithstanding these limitations, the SEER database is well managed and the quality of the data has been verified. The results of this study lead to further questions: Which should be first, concurrent chemoradiation or surgery? Is there a possible role of surgery for treating N1 disease? Should we consider the amount of the NSCLC component in the treatment process? Further study is required to address these questions.
In conclusion, analysis of a population-based dataset revealed that surgery with adjunctive chemotherapy or radiation is associated with better survival than chemoradiation alone for T1-2 N0 SCLC and C-SCLC. This study did not determine any differences between treatment strategies in T1-2 N1 disease; however, in selected patients, treatment including surgery may lead to favorable long-term survival. Well-planned and individualized multimodality treatment will improve patient outcomes. Finally, the histological subtype was not associated with CSS.
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